The formulation of a low-phosphorus diet from commercially available feedstuffs to determine the dietary needs of experimental animals is difficult. Kreiger et al. ('41 ) employed a highly purified ra tion and reported that the phosphorus of yeast nucleic acid and soybean phospholipids was as readily available as inorganic phosphorus for calcification of bone in the rat. In general, the phosphorus contained in these substances, as well as in ester phosphates and phosphopro teins, com pounds which are invariably present when natural feeds are employed, has been as sumed to be available.
The objective of the study reported here was (1) to devise a suitable low-phospho rus ration for the dog; (2) to investigate the availability of certain phosphorus-con taining compounds found in natural feeds; and (3) to extend knowledge of the mini mum phosphorus requirement of the grow ing dog. Criteria used to test the state of phosphorus nutrition include rate of gain, bone ash, calcium and phosphorus bal ance data and terminal blood plasma phos phate concentrations.
EXPERIMENTAL
The low-phosphorus rations used in these studies were modifications of those reported by Elmslie and coworkers ('55) , altered to provide the nutrient require ments of the growing dog as set forth by the National Research Council ('53) (table 1). The basal ration used in the first experiment was found by analyses of dry matter to contain 0.23% of phos phorus as nucleic acid, phytin, ester-type, phospholipid and inorganic phosphorus (table 2) and 0.13% of calcium before supplementation with calcium carbonate. Certain ingredients in this ration were re placed with low phosphorus products to lower the phosphorus content to 0.17% (0.16% of calcium) for the second exper iment. By the addition of anhydrous disodium phosphate, the phosphorus level was increased to 0.33 and 0.53% for the second and third lots of experiment 1. Five levels of phosphorus were used in the second study: 0.17, 0.23, 0.33, 0.43 and 0.53% . The basal rations for both experiments were adjusted to contain 0.61% of calcium.
For the first experiment, a litter of 10 German Shepherd pups was placed ac cording to weight into groups of three, three and 4 dogs. Two litters of German Shepherd and two litters of Shepherd pups provided 4 animals in each lot in experi ment 2. The pups were started on experi ment when 6 weeks old and fed the re spective diets for 10 weeks. Food and water were supplied ad libitum. Vitamin D was provided3 at the rate of 10 to 15 I.U. per pound of body weight per day. Ani mals were weighed twice weekly.
They were kept in indoor cages which had expanded metal floors. Precautions were taken against parasites, distemper and canine infectious hepatitis.
Analytical methods. The procedures used for the determination of total phos phorus, acid-soluble phosphorus, phytin phosphorus, inorganic and phospholipid phosphorus were those of Pons et al. ( '53 ) . Calcium in food, feces and ingesta were determined by the method of Corley and Denis ('25) and plasma calcium by the procedure of Kramer and Tisdall, using the Clark and Collip ('25) modification. Plasma inorganic phosphorus was deter mined on a trichloracetic acid (TCA) fil trate by the isobutyl alcohol method of Pons and coworkers, ('53) . The procedure for chromic oxide was that of Schurch et al. ('50) . When the animals were killed, a femur was removed from each for determination of bone ash. The bone was pulverized, dried, and fat extracted with ethyl ether. After drying to constant weight, the ma terial was ashed at 800 to 1000Â°F.for 12 hours, cooled in a desiccator and the ash weighed.
RESULTS AND DISCUSSION
The body-weight-gain data (two experi ments) are presented in table 3. The animals which received 0.53% of phos phorus gained weight steadily throughout the experiment. Similarly, steady weight gains were observed for the pups given the 0.33% phosphorus level. In contrast, the dogs fed the basal ration (0.23% of phos phorus) grew slowly for the first 5 weeks and little thereafter.
These animals showed poor appetite after only 4 to 8 days on experiment and soon became emaciated, inactive and unthrifty. At the end of the experiment, the forelimbs showed exten sive bowing and swelling at the wrists. The second experiment was designed to narrow the phosphorus increments for a closer estimate of the requirement of the dog. Inspection of the data of experiment 2 indicates that a dietary level of 0.256% of available phosphorus supported a satis factory growth rate ( fig. 1 ). The better relative gain for pups receiving 0.33% of phosphorus (experiment 2) was the result of a higher total intake of available phos phorus, since a larger amount of orthophosphate was required to bring the total dietary phosphorus content to 0.33% . The pups fed 0.23% of phosphorus showed a poor, but steady growth response after the first 12 days. At the 0.17% level the body gain was very slight over the 10-week period. Two to three days after the start of the experiment food consumption was greatly reduced, indicating again the rapid effect of phosphorus deprivation upon ap petite. The pups showed signs of rickets early in the experiment.
Nine days after the first experiment was started, a complete 12-day collection of feces and urine was made to study the fate of the ingested calcium and phos phorus. The balance data (table 3) in dicated that only 52% of the dietary phos phorus at the 0.33% level was absorbed and presumably available (did not appear in the feces). The submarginal growth response of the pups receiving this level demonstrated that 0.173% of available phosphorus in the ration was insufficient. Further evidence for the inadequacy of this level of phosphorus was provided by the slightly lower than normal femur ash (table 3) . The blood-plasma phosphorus concentrations appeared unusually high as recorded in these average figures, but repetition gave similar values. Observa tions of dogs in our stock colony, when tested at the peak growth period, namely, from 6 to 16 weeks of age, showed from 6.0 to 9.0 mg % of phosphorus, and were thereafter considered to be normal for dogs of this age. (Similar balance data were obtained when the animals had been on experiment for 9 weeks).
In the second experiment, excreta were collected for the 7 days before the end of the experiment. The data (table 3) showed that 76% of the phosphorus was available in ration 2 which contained 0.33% of total phosphorus. Since this was the minimal level which allowed sat isfactory growth in this experiment, it indicated that the requirement for avail able phosphorus was probably not greater than 0.25%.
Maynard ('51) has shown that surplus phosphorus ingested by carnivorus ani mals was excreted principally in the urine. In these experiments, the low recovery of phosphorus in the urine of the animals in the first two lots of each experiment (table 3) indicated that the requirement was not exceeded at these levels of phos phorus. This suggested incomplete utiliza tion of calcium as a consequence of in sufficient phosphorus absorption. The ade quacy of the 0.33% phosphorus level was confirmed by the data obtained from fe mur and blood analyses (table 3) which showed normal bone development and concentration of inorganic phosphorus in the blood plasma.
Calculation of the feed efficiency for the pups in experiment 1 indicated that ap proximately 15% more food was required by the 0.33%-phosphorus (availability 52% ) lot for a gain equivalent to those receiving 0.53% . This evidence indicates that the 0.173% of available phosphorus in the 0.33% ration was below the phos phorus requirement.
In the second ex periment, however, the pups receiving 0.33, 0.43 or 0.53% phosphorus showed no difference in the amount of feed re quired to provide a unit gain. Since 77% of the total dietary phosphorus level 0.33% was available (equivalent to 0.25% ), this demonstrated that the addi tional phosphorus supplied by the incre ment had no effect on rate of gain and that the requirement did not exceed 0.25% total available phosphorus.
An investigation of the availability of dietary phosphorus compounds involves their degradation, absorption and re-ex cretion in the gastrointestinal tract. Con sequently, the phosphorus analyses were made and related to an inert substance (chromic oxide) which was incorporated into the ration two weeks before the first experiment was terminated.
When the animals were killed, the contents of the gastrointestinal tract were removed from the stomach, colon and three equallymeasured lengths of the small intestine.
The data indicated (table 4) a consider able increase in concentration of inorganic phosphorus in the upper small intestine. The slightly higher value obtained for the pups in experiment 2, given 0.25% of available phosphorus (dietary level, 0.33% of phosphorus) suggested that the require ment was close to this level. Feeding a dietary level of phosphorus greater than 0.33% exceeded the requirement and part of the absorbed phosphorus was excreted in the urine. Evidence was obtained also in experiment 2 where the lower levels of dietary phosphorus resulted in increased amounts of calcium excretion in the urine. The inorganic phosphorus released from the organically bound phosphorus was a minor source at this point and apparently a major amount originated from secretion into the gut. Analyses of bile for total phosphorus concentration gave values of 92 mg% of phosphorus for animals in lot 1, and 104 and 90 mg% of phosphorus for animals in lots 2 and 3, respectively. The amount of inorganic phosphorus in the bile samples was not determined.
The indication here, that inorganic phos phorus was secreted into the lumen of the small intestine of the dog agrees with the observations of Marek et al. ('35) and Moore and Tyler ('55 ) who reported simi lar findings for the pig. In addition, evi dence has been presented for the secretion of phosphorus into the upper small in testine of the rat (Fournier, '50) . 0050.1670.1930.5130.0210.0050.1550.0910.0050.2510.2770.5130.0210.0050.3240.0910.0050.4200.4460.5130.0540.011 Inspection of the data indicated also that large quantities of inorganic phos phorus were absorbed in the second sec tion of the small intestine and smaller amounts from the lower small intestine and colon. A considerable absorption of calcium occurred from the contents of the upper section of the small intestine and less from the terminal third. The high concentration of calcium in the second section suggests an excretion of calcium into the tract.
Phospholipid phosphorus, a small por tion of the total dietary phosphorus, under went a 5 to 8-fold increase in concentra tion in the upper section of the small in testine and was absorbed almost com pletely in the remainder of the tract. Es ter-type phosphorus appeared to react in a similar manner.
Values for nucleic acid phosphorus, ob tained by calculation, were variable. The results indicate, however, that nucleic acid breakdown occurred to a large extent in the lower section of the small intestine. Although the availability of phytin phos phorus for animals has been studied, the extent of phytin hydrolysis in various sec tions of the gastrointestinal tract and the hydrolysis of substances effecting this breakdown are not well known. In the work reported here, the data indicated that the degradation of phytin occurred chiefly in the first two-thirds of the small intes tine, although some hydrolysis also took place in other sections of the digestive tract. The breakdown of phytin in the stomach of the pups presumably occurred in the cardiac section during the earlier stages of digestion and before the pH of the stomach contents became sufficiently low to inhibit phytase activity (Moore and Tyler, '55) . Hill and Tyler ('54) have pre sented data indicating the irreversible inactivation of cereal phytase at pH values of 2 to 3.
The addition of inorganic phosphate to the basal ration improved the utilization of phytin phosphorus, possibly the result of an improved calcium to phosphorus ratio. In this respect, the data revealed that apart from phytin phosphorus, the dietary calcium to phosphorus ratio did not reduce markedly the utilization of other forms of phosphorus studied except per haps inorganic phosphate.
In the second experiment, the gastro intestinal contents were not analyzed for phosphorus compounds but determinations were made on feed and fecal samples taken for a 7-day period at the end of the experi ment. Fecal concentrations of phospholipid and ester-type phosphorus were sim ilar to those obtained in the first study and indicated that 10 to 25% of the quan tity ingested was excreted in the feces. The utilization of phytin and inorganic phosphorus at the adequate levels of phos phorus was similar to those observed for the 0.53% lot in experiment 1 but mark edly poorer at the 0.17 and 0.23% phos phorus levels (high calcium/phosphorus ratios).
SUMMARY
The phosphorus requirement of the dog has been established with a natural diet which contained 0.33% of phosphorus, of which 76% was shown to be available. Hence, it is believed that the marginal phosphorus requirement corrected for un available phosphorus was 0.25%. This confirms previous work.
Data have been obtained which demon strate the appearance of inorganic, phospholipid, ester-type and nucleic acid phos phorus in the gastrointestinal tract from non-dietary sources. The subsequent de crease in concentration of these com pounds in one or more sections of the tract demonstrated that these forms of phos phorus were largely available to the dog.
Twenty to 40% of the ingested phytin was degraded with better utilization of phytin phosphorus at higher levels of in organic phosphate (Ca/phosphorus ratios nearer to 1.2). The availability of phos phorus other than that from phytin or in organic phosphate did not appear to be af fected by the dietary Ca/phosphorus ratio.
